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PHYSICAL CONTACT LAYER FOR
BODY-WORN LEADWARE USING
SELECTIVE DEPOSITION

RELATED APPLICATION

The present application claims the benefit of U.S. Provi-
sional Application No. 61/613,067 filed Mar. 20, 2012, which
1s 1ncorporated herein 1n 1ts entirety by reference.

TECHNICAL FIELD

The invention relates generally to flexible electronics, and
more particularly, to protective layers for printed flexible
clectronics, such as those used 1n body-worn leadware.

BACKGROUND

Flexographic, lithographic, gravure, screen printing, digi-
tal printing such as inkjet or drop on demand, and other
processes, including those 1n which a central impression cyl-
inder 1s used, are known in the art for printing a wide variety
of articles. Recently, these and other processes and tech-
niques have been used to print functional materials, including,
those required to make electrical circuits. Whereas etching,
and other subtractive processes for creating circuits are
wastetul, relatively costly, and time-consuming, thereby lim-
iting applicability and use, printing processes, by virtue of
being additive, can be comparatively economical, efficient in
the use ol resources, and highly effective in meeting suificient
product quality standards, 1.e., resolution, registration, and
other indicators, for many applications. Resultant printed or
otherwise selectively deposited products are therefore more
attractive for a range of applications and industries, and espe-
cially where performance standards associated with the more
mature silicon technologies do not necessarily need to be met.

Early circuit boards or base substrates used 1n the printing,
of electrical circuits, utilized 1nsulating layers made of rigid
fiberglass-reinforced resin or ceramic material. However,
many printed circuit boards 1n use today employ flexible
substrates, typically made of a polyester or polyimide mate-
rial. Not only can conductive traces (wiring) be printed using
known methods, but passive components (resistors, capaci-
tors, inducers) and active components (transistors such as
OFETs, switches, amplifiers, filters, electric batteries,
memory, logic devices) are also known 1n the art. As a result,
intricate electrical circuits that are printed on flexible sub-
strates can comprise printed tlexible electronics.

The aforementioned printed flexible electronics can be
used 1 body-worn leadware. For example, as part of an
clectrocardiogram (ECG) procedure, a medical professional
may attach electrodes to a patient and connect those elec-
trodes to recording devices using wire leads. Leads often
comprise individual wires that require considerable manage-
ment to avoid becoming entangled 1n other devices or caught
in clothing, bedding, or other equipment. Lead wires can
sometimes be arranged or organized into a “harness” which
keeps the wires together and more manageable. However, this
lead wire harness can further complicate instances where
individual leads need to be broken out to make particular
connections to mdividual sensing points. Alternatively, the
interconnection between electrodes on a patient and the
recording device can be made using a device in which a
conductive path 1s constructed (often printed) on a thin, flat
substrate which can lie flatter on the patient. Such devices fall
into the category known as “leadware” and provide eflec-
tively a “wearable” set of ECG lead wires to the patient. These

10

15

20

25

30

35

40

45

50

55

60

65

2

body-womn leads can be affixed to the appropriate locations
and electrodes on the patient, where they remain affixed to the
patient and configured to sense ECG data. This saves the
medical professional from having to constantly manage lead
wires. It 1s also possible that the electrodes can be constructed
to be integral with the leadware. Body-worn leadware 1s
useiul 1n myriad other applications, for example, wherever 1t
may be desirable to measure patient vital signs or other physi-
cal characteristics, including respiration monitoring, x-rays,
C.A.T. scans, fluoroscopy, and so on. Other applications for
leadware can include devices for electro-stimulation for vari-
ous types ol continuous or intermittent diagnoses or thera-
pics.

However, because body-worn leadware 1s 1n contact with
the patient’s skin, 1t can be uncomiortable for the wearer or
can cause 1rritation, chafing, or scratching of the wearer’s
skin. The substrates, conductive layers, and dielectric layers
that comprise traditional leads contain components with vari-
ous organic or inorganic materials that are designed for a
conductive, 1nsulating, or semi-conductive purpose and are
not necessarily designed to be comiortable to the user. Indeed
they have a stiffness and sharpness of edge which, just as with
paper, can lead to cuts and abrasions. Therefore, body-worn
diagnostic or therapeutic devices typically require some sort
of comiort layer to protect the skin of the wearer from the
leadware 1n order to be comiortable.

Some body-worn leads have incorporated protective layers
onto the printed electronically functional layers. Typically,
this 1s achieved by the lamination of a “comfort layer” made
ol a woven or non-woven, spun fabric. However, traditional
comiort layers sufler from problems 1n manufacturing, dis-
tribution, and use.

For example, the lamination of a traditional comifort layer
typically requires that the comifort layer matenial first be
coated with an adhesive and then laminated to the substrate of
the flexible product. This lamination oiten must be carried out
in register so that features of the flexible electronics them-
selves can be aligned with the corresponding and appropriate
cut-outs in the comiort layer material. Thus, the lamination
process olten requires at least a secondary processing step on
at least a secondary piece of equipment. Also, the secondary
piece ol equipment must have enough sophistication to sup-
port the necessary registration of the two layers.

Further, there 1s often considerable waste of the comfort
layer material because the traditional com{fort layer manufac-
turing process typically starts with a whole web or sheet
(100% coverage) of material which 1s die cut before lamina-
tion, and then die cut along with the final printed circuit when
the assembly 1s singulated. This 1s done because the various
intricately-aligned features of the printed electronics can be
difficult to align with the corresponding features in a pre-cut
piece of comiort layer material. The fraction of comfort layer
material used in the final printed circuit product 1s far less than
100%. Therefore, not only are additional steps incurred, thus
increasing production cost, but comiort layer material 1s
applied, then cut away and discarded during production, thus
further increasing material costs.

Additionally, the packaging of traditional printed flexible
clectronics incorporating a comiort layer 1s problematic. For
use with adult patients, leadware can exceed a length of 36"
long. In order to contain the leadware 1n packaging for dis-
tribution, typically, the product 1s folded over a stiffener or
rolled on a spool. The rolled or folded unit and holder card or
spool are then placed 1n a container for shipping. The con-
ventional structure of leadware that includes a comfort layer
with adhesive 1s such that a memory 1s formed, within the
structure, of folds, creases, or rolls as the adhesive layer
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accommodates the stresses associated with any bending. As a
result, bending during the packaging impresses a “kink”
which the part retains throughout 1ts useful life. For example,
referring to FIG. 1A of the prior art, a flexible printed elec-
tronic part 10 of the prior art having a traditional comfiort
layer 12 1s depicted after being unpackaged. Memory folds 14
are present 1n the part 10 where 1t was folded over its pack-
aging insert card, even after unpacking. These memory folds
can be problematic during use of the leadware. It can make the
leads difficult to affix (and remain affixed) to the patient.
Memory folds can also lead to more interference between the
leadware and 1tems 1n the vicinity such as clothing, bedding,
ctc. Likewise, there may be interference with the measure-
ment of the patient’s clinical information.

Therefore, there 1s a need for a comifort layer that can be
prepared on flexible substrates and specifically, flexible
printed electronics, that i1s easily, economically, and effi-
ciently produced, that further does not suffer from memory
told retention problems of the prior art and can thus be easily
packaged and used. Embodiments having such a comfort
layer will allow more variety in packaging options, thereby
adding value to its use.

SUMMARY

Embodiments of the present application substantially meet
the aforementioned needs of the imndustry. In embodiments,
patterned layers of conductive, insulating, semi-conductive
maternals, and other matenials are deposited on a flexible
substrate to form electrical circuits. A physical buffering
layer 1s deposited on top of these materials to form a comifort
layer. The construction is such that the com{fort layer, regard-
less of 1ts order 1n manufacturing 1s the layer which 1s closest
to the patient or wearer when the device 1s deployed. The
electrical circuits or circuitry so formed of single or multiple
printed or otherwise additively deposited layers can comprise
or compose transistor devices, including organic thin film
transistors (OTFTs or OFETSs), multiple transistor circuits or
assemblies, or other electrical devices, for example batteries,
sensors, displays, memory arrays, antennas, and the like. The
comiort layer can be configured to cover or encapsulate some
or all of these devices as needed to provide a soit and com-
fortable interface to the skin.

In embodiments, a comifort layer can comprise ink having,
a solt, open texture similar to that of woven or unwoven
fabrics. In embodiments, the comfort layer can comprise an
expanding plasticised or “pull 1nk™ that can stand alone or
comprise an additive to plastisol inks. In an embodiment,
plastisol pull inks can comprise suspended PVC particles in a
plasticizer, such as an ester, and a pull additive. The plastisol
pull ik that flows as a liquid or 1nk for purposes of deposi-
tion, and expands upon curing or the application of heat. In
certain embodiments, the plasticizer 1s an ester of polycar-
boxylic acid with linear or branched aliphatic alcohols of
moderate chain length. In a particular embodiment, the plas-
ticizer comprises a phthalate ester of straight-chain or
branched-chain alkyl alcohol.

In embodiments, plastisol pull inks sit atop the substrate
and patterned layers of conductive, mmsulating, and semi-con-
ductive materials but do not soak into them, instead covering
or encapsulating the patterned layer materials. In other
embodiments, the comifort layer can comprise silicone, ure-
thane, cellulosic, fibrous or other soft and non-abrasive mate-
rials selectively deposited.

In a feature and advantage of embodiments of the mven-
tion, a pull ik comifort layer can be processed in-line with
other steps of selective deposition of materials during pro-
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duction. When compared to comiort layer production of the
prior art, multiple process steps are saved. First, the removal
of the substrate from the system, such as a printing press,
which 1s used to achieve the selective deposition of the layers
other than the comiort layer, 1s no longer required. The com-
fort layer can be selectively deposited on the same press that
the conductive, msulating, semi-conductive materials, and
other materials are deposited. Second, no adhesive layer 1s
required to first be coated to the comifort layer material or to
the underlying layers prior to the placement or deposition of
the comiort layer on the substrate and conductive, insulating,
and semi-conductive components. Third, no intricate cuts of
the comiort layer material prior to installation on the substrate
or 1n concurrence with the final printed circuit cut are required
and thus no tight registration of the comfort layer to the
underlying pieces 1s required. Therefore, manufacturing time
1s saved compared to comiort layer production of the prior art.

In another feature and advantage of embodiments of the
ivention, a pull ink comiort layer 1s selectively deposited
only where 1t 1s desired and exactly where 1t 1s desired, by, for
example, printing, spray coating, screen printing or coating,
coating through a patterned or otherwise previously prepare
mask, or other techniques. When compared to comfort layer
production of the prior art, material cost 1s saved. The waste
incurred 1n cutting a larger than required sheet of material and
scrapping the unused part 1s avoided. On the contrary, the
comiort layer 1s deposited 1n the precise amount and 1n the
precise location as 1s desired in the final printed flexible
clectronics, with due allowance for manufacturing tolerance.
Thus, matenal cost 1s saved compared to comiort layer pro-
duction of the prior art.

In another feature and advantage of embodiments of the
invention, a pull ik (or other) comifort layer can comprise
certain dielectric properties. In embodiments, material and
production costs can therefore be additionally reduced by
using the pull 1nk comiort layer as a replacement for certain
traditional dielectric layers, when compared to flexible
printed electronics of the prior art. In embodiments, material
costs are saved due to the dual role of the single com{fort layer
in embodiments of a particular application of a printed cir-
cuit; the separate dielectric layer materials are no longer
required to be printed into the circuit. Production costs are
likewise saved due to the dual role; the dielectric layer 1s now
superfluous and no longer needs to be printed 1nto the circuit.
In embodiments where a dielectric layer 1s used with a pull
ink comiort layer, embodiments of the pull ink comfort layer
add to the msulation properties of the overall circuat.

In another feature and advantage of embodiments of the
invention, a pull ink comifort layer comprises a waterproof
barrier. In other embodiments, a pull ink comfort layer can be
deposited on a heavy waterproofing layer to create a water-
prool barrier that 1s still a soft and comfortable interface to the
skin. As a result, the flexible printed electronics of embodi-
ments can be used 1n water-laden environments. For example,
embodiments of body-worn leads can be utilized 1n diagnos-
tic or therapeutic devices worn 1n swimming pool testing or
scuba diving applications. Additionally, 1n dry environments
where liquid has a chance of contacting the printed electron-
ics, embodiments of the flexible printed electronics are fur-
ther protected from water damage by the waterprootf barrier
provided by embodiments of the comiort layer.

In another feature and advantage of embodiments of the
invention, no memory fold is retained in the electronics after
crimping or bending. As a result, body-worn leads are more
casily affixed to a patient, and are more likely to remain
aifixed than the body-worn leads of the prior art. Additionally,
the underlying electronics are not stressed or damaged by any
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permanent memory of a fold retained by the comfort layer,
and measurement characteristics are more likely to be mea-
sured accurately than the body-worn leads of the prior art.

Because no memory fold exists in embodiments, myriad
options for packaging embodiments of the printed flexible
clectronics are available. For example, embodiments can be
rolled up or folded. As a result, the formatting of the packag-
ing can be made to suit widely accepted and broadly used
packaging, handling, and distribution methods, including
those traditionally recognized 1n a medical environment. As a
result, packaging and handling costs are reduced as no inter-
mediary card 1nsert 1s required, compared to packaging in the
prior art. And further, the body-worn leads comprising
embodiments of the printed flexible electronics allow hand-
ing in packaging more familiar and convenment to medical
proiessionals and other end users.

Embodiments of the present application are not limited to
medical applications. On the contrary, embodiments can be
utilized, for example, 1n the context of “smart clothes™ having
clectronics embedded within a piece of clothing for novelty or
utility, or wearable computers, or any other application where
clectronics worn against the body necessitate a comfort layer
between the electronic components and the wearer. For
example, performance monitoring for humans and animals 1n
stressiul (combat or emergency) or competitive (sports) situ-
ations can also call for distributed sensing and collection of
data. In addition, the expanded use of personal electronic
devices for information and entertainment purposes will ben-
efit from clothing attached leadware made more convenient
with an efficiently generated comiort layer. More generally,
the integration of electronic functionality with other uses of
textiles, such as hospital gowns, blankets, tents, mattress cov-
ers, or pillow covers, for example, all benefit from the use of
an economically constructed comiort layer to protect the user.

Selective deposition methodologies or techniques utilized
in various embodiments can include, for example, any form
of additive printing techniques including, but not limited to,
gravure, waterless offset, direct image waterless offset, dry
offset, lithographic, intaglio, embossing, engraving, screen,
rotary screen, silkscreen, letterpress, flatbed, digital printing,
such as 1nk jetting and drop on demand techniques, xero-
graphic techniques, tlexographic, aerosol, pad, dip-pen, or
any other related printing techniques or combinations thereof.
In embodiments, the printing methodology or technique cho-
sen can be based on the particular substrate, or similarly, the
particular electric or dielectric layers desired. In other
embodiment, selective deposition methodologies can com-
prise, for example, spray coating, screen coating, coating
through a patterned or otherwise previously prepare mask, or
other techniques.

The above summary of the invention i1s not intended to
describe each 1illustrated embodiment or every implementa-
tion of the present invention. The figures and the detailed

description that follow more particularly exemplily these
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more completely understood 1n con-
sideration of the following detailed description of various
embodiments of the invention in connection with the accom-
panying drawings, in which:

FIG. 1A depicts a tlexible printed electronic part of the
prior art having a traditional comfort layer wherein the part
has retained a memory fold.
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FIGS. 1B and 2 depict a section of a web of parts covered
in dielectric and partially in a comiort layer, according to an

embodiment.

FIG. 3A 1s a cross-sectional block diagram of ﬂex1ble
printed electronics having a selectively deposited pull 1nk
comifort layer according to an embodiment.

FIG. 3B 1s a cross-sectional block diagram of ﬂexﬂ:)le
printed electronics having a selectively deposited puil 1nk
comiort layer according to an embodiment.

FIG. 3C 1s a cross-sectional block diagram of ﬂexﬂ:)le
printed electronics having a selectively deposited puil 1nk
comiort layer, according to an embodiment.

FIG. 4 depicts flexible printed electronics having a selec-
tively deposited pull ink comiort layer coupled to a patient,
according to an embodiment.

FIG. 5 depicts flexible printed electronics having a selec-
tively deposited pull ink comiort layer installed into a piece of
clothing, according to an embodiment.

FIG. 6 depicts a method by which a flexible printed elec-
tronic having a selectively deposited pull ink comifort layer
can be produced, according to an embodiment.

While the invention 1s amenable to various modifications
and alternative forms, specifics thereol have been shown by
way ol example 1n the drawings and will be described 1n
detail. It should be understood, however, that the intention 1s
not to limit the invention to the particular embodiments
described. On the contrary, the intention 1s to cover all modi-
fications, equivalents, and alternatives falling within the spirit
and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION

Referring generally to FIGS. 1B, 2 and 3A-3C, a set of
flexible printed electronics 100 according to an embodiment
are depicted. The set of flexible printed electronics 100 gen-
erally comprise individual circuit traces each having a sub-
strate 102, a conductive layer 104, a dielectric layer 106, and
a comfort layer 108. Of course, any particular embodiment
can comprise greater or fewer layers, as the below-described
embodiments are for 1llustration purposes only and are 1 no
way limiting.

Substrate 102 comprises the base material onto which the
conductive, non-conductive, and comfort components will be
printed. Substrate 102 can be any suitable substrate in a sheet,
roll, web, or similar structure. In an embodiment, substrate
102 comprises a fabric layer, such as cotton or polyester,
woven, or non-woven. In other embodiments, substrate 102
comprises other flexible substrates such as polymer film such
as polyethylene terephthalate film (PET), Polyethylene naph-
thalate (PEN), polyimide fo1l (PI), polypropylene, polyethyl-
ene, polystyrene, or any of a variety of polymer films or
combinations thereof. In other embodiments, substrate 102
comprises tlexible foil, film, paper, metalized film, or coat-
ings, laminates, and combinations thereof. In still other
embodiments, substrate 102 can comprise rigid substrates
such as glass, silicon, or epoxy resin. Other suitable sub-
stances are also considered, depending on the application of a
particular embodiment, and the properties of a particular sub-
strate 102. Substrate 102 can be configured to be cut into the
desired final shape prior to the printing or depositing of other
layers, or can comprise a sheet or web onto which the con-
ductive, non-conductive, and comiort components are to be
printed for later cutting.

In still other embodiments, a discrete substrate 102 1s not
included in the set of flexible printed electronics 100. Instead,
in such embodiments, one of the other layers, such as con-
ductive layer 104 or dielectric layer 106, or another layer
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formed also through selective deposition, acts as the base
layer onto which the conductive, non-conductive, and com-
fort components are be printed.

Conductive layer 104 comprises an electrically functional
clectronic ink, toner, or other coating or material that is
deposited or printed on substrate 102. In embodiments, elec-
trically functional electronic inks are available from Henkel
Corporation or DuPont Inc., for example. In embodiments,
conductive layer 104 can be made of any conductive material,
such as for example, but not limited to, silver, platinum,
palladium, copper, nickel, gold, or aluminum or conductive
polymer. Therefore, the leads are configured to enable the
flow of electricity through conductive layer 104. In other
embodiments, there can be more than one conductive layer
104, ettectively 1solated from other conductive layers 104 by
one or more msulating dielectric layer 106. Conductive layer
104 can be deposited in any shape or configuration, for
example, straight or rounded, or with any number of
sequences ol curves or straight sections, in embodiments.

Dielectric layer 106 comprises an insulating layer that
covers or encapsulates the first layer of conductive traces of
conductive layer 104. In embodiments, dielectric layer 106
can be made of any insulating or non-conductive material or
coating, such as for example, but not limited to, organic or
inorganic msulators such as, for example, vinyl or urethane
resins and binders such as those provided by Henkel Corpo-
ration or DuPont Inc. Therelfore, dielectric layer 106 1s con-
figured such that electricity does not tflow through the material
of dielectric layer 106. Dielectric layer 106 can be deposited
similarly to conductive layer 104, 1n any shape or configura-
tion, for example, straight or rounded, or with any number of
sequences ol curves or straight sections, in embodiments.

In embodiments, the aforementioned layers 102, 104, and
106 can create active and passive electronic devices. Pat-
terned layers therefore can comprise conductive, semicon-
ductive, and 1insulating materials printed with suitably formu-
lated conductive, insulating, or semiconductive ink, tluid,
powder, particulate, or other deposition compositions. In
other embodiments, the aforementioned layers 102, 104, and
106 can create organic thin film transistors (OTFTs). As 1s
known to those skilled in the art, transistor devices 1n general
comprise source and drain, semiconductor, dielectric, and
gate layers. Patterned layers therefore can comprise conduc-
tive, semiconductive, and insulating materials printed with
suitably formulated conductive, insulating, or semiconduc-
tive 1k, fluid, powder, particulate, or other deposition com-
positions. In an OTFT, the semiconductor layer can comprise
an organic material, for example a polymer. Transistors and
OTFTs can be used to form radio frequency identification
(RFID) circuits or “tags,” passive or active “smart labels,”
batteries, displays and drivers, and other devices or combina-
tions thereof. In other embodiments, sensors or monitoring,
clectronics, signal conditioning, or electro-stimulation
devices such as those described above 1n the medical context
are created.

Comiort layer 108 comprises a soit, sponge- or fabric-like
expanded layer that covers or encapsulates dielectric layer
106, conductive layer 104, 11 so exposed, and portions of
substrate 102, if so exposed. For example, referring to FIG.
3A, comiort layer 108 encapsulates dielectric layer 106. In
another example, referring to FIG. 3B, comiort layer 108
encapsulates dielectric layer 106, portions of conductive
layer 104, and portions of substrate 102. Other variations of
encapsulations of dielectric layer 106, conductive layer 104,
and substrate 102 by comiort layer 108 are also possible.
Comiort layer 108 can be deposited similarly to conductive
layer 104 and dielectric layer 106, in any shape or configura-
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tion, for example, straight or rounded, or with any number of
sequences of curves or straight sections, in embodiments.

Comiort layer 108 can be made of an expanding or puil ink.
In embodiments, a pull additive to plastisol inks creates a
plastisol pull ink that flows as a liquid but sets like a plastic,
yet retains a solt sponge- or fabric-like compliant texture
because 1t expands rapidly upon curing or because of the
nature ol the material. In embodiments, the soit sponge- or
tabric-like, compliant and resilient texture of comiort layer
108 provides a soothing or comiortable interface to the skin of
a wearer, when set of flexible printed electronics 100 1s posi-
tioned proximate a wearer’s skin or body. A raised or elevated
cifect of the pull ink comfort layer 108 creates additional
comiort properties besides its soft, sponge-like texture. When
positioned against the skin, comifort layer 108 thus provides
additional spacing from any attached, complementary elec-
tronics or mnadvertently exposed layers of substrate 102, con-
ductive layer 104, or dielectric layer 106.

Thelayers 102,104,106, and 108 can comprise any dimen-
s1on or size suitable for the particular embodiment or appli-
cation. The possible shapes and configurations are limaitless.
Further, multiple layers of conductive layer 104, dielectric
layer 106, and comiort layer 108 can be deposited or printed,
in embodiments. In an alternative embodiment, one or more
layers 104 or 106 are printed adjacent to, or 1n the same plane
as, or side-by-side comiort layer 108. For example, if comiort
layer 108 has insulative properties, 1n an embodiment, con-
ductive layer 104 can be printed on substrate 102, and comiort
layer 108 1s printed alongside conductive layer 104 on sub-
strate 102 and optionally over conductive layer 104. Upon
curing, comfortlayer 108 expands to encapsulate and insulate
at least a portion of conductive layer 104.

Referring specifically to FIG. 3C, comiortlayer 108 can be
selectively deposited on dielectric layer 106 and conductive
layer 104 so as to expose conductive layer 104. In embodi-
ments, conductive layer 104 can be 1n electrical communica-
tion with other conductive elements where leit exposed. For
example, sensors or monitoring electronics, signal condition-
ing, electro-stimulation devices, or displays, as described
above, can be electrically coupled to conductive layer 104
where exposed.

In operation, referring to FIG. 4, a set of tlexible printed
clectronics 100 having a comfort layer 108 of puill ink can be
attached to a patient. For example, 1n an ECG procedure, the
set of flexible printed electronmics 100 comprising a circuit
made of substrate 102, conductive layer 104, and dielectric
layer 106 1s configured as body-worn leadware to measure
patient body characteristics. A medical professional removes
set 100 from 1ts packaging, and positions set 100 with comifort
layer 108 against the patient’s skin. In embodiments, as
desired, set 100 can be aflixed or operably coupled to the
patient such that the electrodes themselves are coupled to the
patient, wherein the leadware hangs from the coupled elec-
trodes. Other attachment or coupling schemes are also con-
sidered, such as by adhesive, applied pressure, or any other
suitable device or method. Subsequently, an electrical current
can be applied through set 100, and specifically, conductive
layer 104, to electrically activate and operate set 100 as 1t 1s
designed. Dielectric layer 106 provides proper insulation to
conductive layer 104 to allow current to pass or not pass as
appropriate. Because of the builer of comiort layer 108 posi-
tioned between the skin of the patient and the conductive or
insulating components of set 100, the patient remains com-
fortably attached to set 100.

Referring to FIG. 3, a set of flexible printed electronics
having a pullink comfort layer 1s configured within a piece of
clothing 200, according to an embodiment. As shown, the
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clothing 200 1s depicted as a T-shurt. However, embodiments
are not limited to shirts, and may include pants, hats, shoes,
gloves, or any other wearable 1tem of clothing.

Clothing 200, as shown with a front section in cutout,
includes a printed tlexible circuit 201 placed along the back of
the shirt. Similar to the printed tlexible circuit described in
previous embodiments, printed flexible circuit 201 includes a
substrate 202, a conductive layer 204, a dielectric layer 206,
and a comfort layer 208. As shown with the front section of
clothing 200 cut away, the circuit 1s positioned such that
comiort layer 208 interfaces with the skin of the wearer—
specifically, the wearer’s back. For ease of illustration,
printed flexible circuit 201 1s also shown with conductive
layer 204 and dielectric layer 206 exposed beneath comifort
layer 208. In embodiments, conductive layer 204 and dielec-
tric layer 206 are not exposed to the wearer’s skin.

The fabric of clothing 200 therefore provides substrate
202. Printed flexible circuit 201 can be mncorporated into
clothing 200 as a step intermediate the production of the shirt
itsell, or subsequent to the production of the shirt. In another
embodiment, printed tlexible circuit 201 1s coupled to the
tabric of clothing 200 via Velcro, sewn into the fabric, or
otherwise subsequently attached. In such embodiments, sub-
strate 202 comprises a base material onto which the conduc-
tive, non-conductive, and comiort components will be printed
as 1n substrate 102. Substrate 202 can be any suitable sub-
strate 1n a sheet, roll, web, or similar structure. In an embodi-
ment, substrate 202 comprises a fabric layer, such as cotton or
polyester, woven, or non-woven. In other embodiments, sub-
strate 202 comprises other flexible substrates such as polymer
f1lm such as Polyethylene terephthalate-film (PET), Polyeth-
ylene naphthalate (PEN), polyimide fo1l (PI), polypropylene,
polyethylene, polystyrene, or any of a variety of polymer
films or combinations thereof. In other embodiments, sub-
strate 202 comprises tlexible foil, paper, metalized film, or
coatings, laminates, and combinations thereof. In still other
embodiments, substrate 102 can comprise rigid substrates
such as glass, silicon, or epoxy resin.

Conductive layer 204 1s printed or deposited onto substrate
202 at a location on substrate 202 where the sensor or circuit
resulting from the printing process 1s useful for a particular
purpose. For example, the circuit can be designed for moni-
toring nervous system signals, respiratory system signals, or
circulatory system signals, for example. In another embodi-
ment, the circuit can be designed for electrical stimulation.

Dielectric layer 206 1s printed or deposited onto conductive
layer 204 such that 1t covers or encapsulates all or portions of
conductive layer 204 and, 1n embodiments, portions of sub-
strate 202.

Comfiort layer 208 1s printed or deposited onto dielectric
layer 206 such that it covers or encapsulates the patterned
layer materials of conductive layer 204 and dielectric layer
206, and, in embodiments, portions of substrate 202. In an
embodiment, comiort layer 208 comprises printed puif ink.
Therefore, the printed flexible circuit 201 1s butlered by com-
tort layer 208 where the wearer’s skin contacts printed flex-
ible circuit 201. The soft, sponge-like material that comprises
comiort layer 208 provides an interface that 1s comiortable
compared to the conductive and dielectric layers 204 and 206
printed beneath.

Additional printed flexible circuits 201 can similarly be
incorporated onto substrate 202. Further, additional compo-
nents can be operably coupled to printed tlexible circuit(s)
201 1n order to conduct electricity therethrough. For example,
components can be coupled through the sleeve of clothing
200. Clothing 200 therefore provides a comifortable, readily
wearable mechanism for incorporating tlexible printed cir-
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cuits 201 configured as medical devices. Clothing 200 can be
donned by a patient prior to the running of various diagnostic
or therapeutic tests where a monitor 1s desired along the
patient’s back. In another embodiment, a therapeutic electro-
stimulation device can be applied to the patient’s back. In
other embodiments, the circuits provided by printed circuit
201 can be designed for novelty; for example, an interactive
display through substrate 202.

In embodiments, printed tlexible circuit 201 can be used 1n
parallel with conductive threads sewn or woven into clothing
200, or, more particularly in embodiments, substrate 202.
Conductive threads can be used for anti-static, electromag-
netic shielding, data transfer, or heating purposes, or any
other purpose inherent in conductive properties. In embodi-
ments, conductive threads are configured to carry current for
power and signals. Therefore, instead of discrete components
coupling outside of clothing 200 to provide, for example,
power or transmission conduit, such functionality can be
incorporated into clothing 200 via conductive threads. The
external components required to be coupled to clothing 200 to
create a functional or enhanced circuit are therefore reduced,
creating a readily wearable and freely moveable piece of
clothing.

In an embodiment, a set of flexible printed electronics 100
can be packaged 1n a kit for shipping or storage. In embodi-
ments, a kit 1s packaged for individual sale. In an embodi-
ment, the set of flexible printed electronics 100 1s folded over
a stiffener or folded over itself and placed 1n kit packaging,
such as a container or bag. In another embodiment, the set of
flexible printed electronics 100 1s rolled on a spool and placed
in kit packaging. Due to the flexible resilient nature of the
printed electronics and comiort layer, upon unpackaging or
unrolling of the set 100, the set 100 1s substantially free from
memory folds. The packaged kit including set 100 can further
include a set of instructions regarding application of the
printed electronics 100, such as leadware, to a body, article of
clothing, blanket, or the like. The instructions can include, for
example, a map of a body, such as a human body, indicating
placement of the printed electronics.

Reterring to FIG. 6, a method 300 by which tlexible printed
clectronics having a pull ink comfort layer can be produced 1s
depicted, according to an embodiment. Beginning at step 302,
the method 1s mstantiated. Operationally, at step 302, the
desired substrate 102 1s positioned on a printing press system.
Further, appropriate materials to create conductive layer 104,
dielectric layer 106, and comifort layer 108 are assembled and
incorporated into the printing press system, 1f approprate.

At step 304, a conductive layer 104 1s printed or deposited
onto substrate 102, and 1s subsequently cured as needed
depending on the material characteristics. Conductive layer
104 1s printed such that current can flow through the circuit
created by conductive layer 104 to form an appropriate elec-
tronic device, according to the desired embodiment.

At step 306, a dielectric layer 106 1s printed or deposited
onto conductive layer 104, and subsequently cured as needed
depending on the material characteristics. Dielectric layer
106 1s printed such that 1t covers or encapsulates all or por-
tions of conductive layer 104 and, 1n embodiments, portions
of substrate 102. In embodiments, portions of conductive
layer 104 are left exposed where 1t 1s necessary to leave the
conductive traces exposed 1n order to make electrical inter-
connection between the leadware and some other component.
For example, dielectric layer 106 1s not printed or deposed
onto conductive layer 104 where conductive layer 104 1s
configured to interface with an electrode or recording device.
In other embodiments, dielectric layer 106 1s not printed, as
depicted in FIG. 6, and comprises an optional printing step. In
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such embodiments, comiort layer 308 comprises certain
dielectric properties and thereby acts 1n a dual role as both a
dielectric layer and comiort layer.

Although a wide variety of 1nks and other materials can be
used 1n printing conductive layer 104 and dielectric layer 106,
conductive, insulating, or semiconductive patterned layers
can be obtained, for example, by printing with a suitably
formulated conductive, insulating, or semiconductive ink
composition. Electrically conductive or semiconductive inks
contain conductive or semi-conductive materials, such as
conductive or semiconductive polymers or conductive or
semiconductive metals or composites. Conductive materials
contaiming metallic particles such as gold particles, silver
particles, and like metallic particles, carbon particles, con-
ductive or semiconductive polymers, composite particles,
and like particles, or combinations thereot, can provide for
the flow of electrons or electronic signals. The conductive
metals or composites can be fine particulates or nanoparticu-
lates. Intricate patterns can be printed with application-spe-
cific formulations, using, for example any form of gravure,
flatbed, lithography, screen, rotary screen, digital printing,
and like print methods, or combinations thereof.

Atstep 308, acomiortlayer 108 1s printed or deposited, and
1s subsequently cured as needed, onto dielectric layer 106
such that it covers or encapsulates the patterned layer mate-
rials of conductive layer 104 and dielectric layer 106, and, in
embodiments, portions of substrate 102. In embodiments,
portions of dielectric layer 106, portions of conductive layer
104, and/or portions of substrate 102 are left exposed 1n order
to provide electrical contact and connection to, for example,
the patient or to electrodes. In embodiments, the viscosity of
comiort layer 108 can be adjusted to interface with particular
printing press systems. For example, it may be useful for
comiort layer 108 to have a lower viscosity on certain printing
press systems 1n order to facilitate ease of printing, but have a
higher viscosity on other printing press systems in order to
facilitate ease of printing.

Printing methodologies or techniques utilized within the
steps to print conductive layer 104 at step 304, print dielectric
layer 106 at step 306, and print comifort layer 108 at step 308
can include, for example, any form of gravure, waterless
offset, direct image waterless offset, dry offset, lithographic,
intaglio, embossing, engraving, screen, rotary screen, silk-
screen, letterpress, tlatbed, digital printing such as 1nk jetting
or drop on demand techniques, xerographic techniques,
flexographic, acrosol, pad, dip-pen, or any other related print-
ing techniques or combinations thereof. Each of the layers are
cured upon deposition of each individual layer, and/or 1n
batch form with an appropriate curing system, such as, for
example, UV, IR, heat, ebeam, or the like, as appropriate with
the mk or material composition used for the specific layer. In
an embodiment, comifort layer 108 expands upon curing to
encapsulate one or more of the other layers.

At step 310, the method 300 1s concluded, except for the
singulation of individual parts from the web or sheet on which
they were printed. The newly created set of tlexible printed
clectronics 1s removed from the printing press system. In
embodiments, the set of flexible printed electronics can be
placed individually or 1n groups 1n appropriate packaging.

Embodiments of circuits can comprise greater or fewer
layers of substrate 102, conductive layer 104, dielectric layer
106, other functional layers, and comifort layer 108. As a
result, method 300 can comprise greater or fewer steps,
including iterations, of the atforementioned steps of printing
or depositing conductive layer 104 onto substrate 102, print-
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ing or depositing dielectric layer 106 onto conductive layer
104, and printing or depositing comiort layer 108 onto dielec-
tric layer 106.

In an alternative embodiment (not shown), an electric cir-
cuit assembly 1s formed 1n a reverse configuration. For
example, a comiort layer material 1s selectively deposited on
a {irst substrate, the substrate comprising a web or sheet
having an optional release layer. The comiort layer 1s cured so
that 1t expands to form a well-formed comfort layer. The one
or more layers of the electronic device, such as the conductive
and dielectric layers, are then deposited directly on the com-
fort layer and/or a separate second substrate. The second
substrate optionally having the conductive layer and dielec-
tric layer thereon 1s then coupled to, the comiort layer on the
first substrate via lamination, fusing, or other methods. The
first substrate on which the comifort layer 1s deposited on 1s
then removed, such as by peeling, leaving the electric circuit
assembly on the second substrate.

In yet another alternative embodiment (not shown), a com-
fort layer matenal 1s selectively deposited on a transier sub-
strate, the substrate comprising a web or sheet having an
optional release layer. The comiort layer 1s cured so that 1t
expands to form a well-formed comiort layer. The one or
more layers of the electronic device, such as the conductive
and dielectric layers, are then deposited directly on the com-
fort layer. A second, comiort layer 1s then selectively depos-
ited on the first comiort layer and electronic device. The
second comiort layer 1s cured to encapsulate the electronic
device, such that the layers of the electronic device are sand-
wiched between the comiort layers. The substrate 1s then
optionally removed, such that the finished assembly 1includes
no substrate.

In yet another embodiment, the comifort layer 1s selectively
deposited on a first portion of a substrate, such as a sheet. One
or more layers of an electronic device are then selectively
deposited or laminated to a second portion of the substrate,
either directly on the substrate, or alternatively on a second
comiort layer selectively deposited and cured on the second
portion of the substrate. The substrate 1s then folded over to
marry the one or more layers deposited on the second portion
of the substrate to the comifort layer deposited on the first
portion of the substrate (either cured or uncured). If not
already cured, one or more layers of the assembly are cured
such that the comifort layer(s) encapsulate the electronic
device layers. At least the first portion of the substrate having
the comiort layer thereon 1s removed; and in some embodi-
ments, such as when the second comifort layer 1s present, the
entire substrate 1s removed.

Various embodiments of systems, devices and methods
have been described herein. These embodiments are given
only by way of example and are not intended to limit the scope
of the invention. It should be appreciated, moreover, that the
various features of the embodiments that have been described
may be combined 1n various ways to produce numerous addi-
tional embodiments. Moreover, while various materials,
dimensions, shapes, configurations and locations, etc. have
been described for use with disclosed embodiments, others
besides those disclosed may be utilized without exceeding the
scope of the invention.

Persons of ordinary skill 1n the relevant arts will recognize
that the mnvention may comprise fewer features than illus-
trated 1n any individual embodiment described above. The
embodiments described herein are not meant to be an exhaus-
tive presentation of the ways 1n which the various features of
the invention may be formed or combined. Accordingly, the
embodiments are not mutually exclusive combinations of
teatures; rather, the invention may comprise a combination of
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different individual features selected from different indi-
vidual embodiments, as understood by persons of ordinary
skill 1n the art.

Any incorporation by reference of documents above 1s
limited such that no subject matter 1s incorporated that is
contrary to the explicit disclosure herein. Any incorporation
by reference of documents above 1s further limited such that
no claims included in the documents are incorporated by
reference herein. Any incorporation by reference of docu-
ments above 1s yet further limited such that any definitions
provided 1n the documents are not incorporated by reference
herein unless expressly included herein.

[l

What 1s claimed 1s:

1. A body-worn electronic circuit assembly having a buil-
ering feature, the electronic circuit assembly comprising:

a substrate;

clectronic circuitry including at least a conductive material

deposited on a first side of the substrate; and
a selectively deposited comiort layer encompassing at least
a portion of the electronic circuitry,

wherein the comiort layer provides the bulfering feature
such that substantially non-abrasive contact 1s made
between the comiort layer and the skin of a wearer when
the electronic circuit 1s placed on the wearer, wherein the
portion of the electronic circuitry which 1s encompassed
by the comiort layer does not contact the skin of the
wearer, and wherein the substrate 1s not configured to be
separated from the electronic circuitry.

2. A body-worn electronic circuit assembly having a buil-
ering feature, the electronic circuit assembly comprising:

a substrate;

clectronic circuitry including at least a conductive material

deposited on a first side of the substrate;
a selectively deposited comiort layer encompassing at least
a portion of the electronic circuitry,

wherein the comiort layer provides the bullfering feature
such that substantially non-abrasive contact 1s made
when placed on a wearer of the electronic circuit assem-
bly, and wherein the comiort layer comprises plastisol
pull ink exhibiting a soft, sponge-like texture upon cur-
ng.

3. The body-worn electronic circuit assembly of claim 2,
wherein the comfort layer 1s selectively deposited by printing,
spray coating, or through a patterned or prepared mask.

4. The body-worn electronic circuit assembly of claim 3,
wherein the comiort layer 1s deposited by a printing technique
comprising gravure, waterless offset, direct image waterless
offset, lithographic, intaglio, embossing, engraving, screen,
rotary screen, silkscreen, letterpress, tlatbed, digital printing,
ink jet, drop on demand, xerographic, flexographic, aerosol,
pad, dip-pen, or combinations thereof.

5. The body-worn electronic circuit assembly of claim 2,
wherein the comiort layer exhibits electrically insulative
properties such that the comtort layer provides electrical 1so-
lation for the encapsulated portions of the circuitry.

6. The body-worn electronic circuit assembly of claim 2,
wherein the comfort layer provides mechanical protection to
the encapsulated circuitry.

7. The body-worn electronic circuit assembly of claim 2,
wherein the comiort layer 1s waterprool or water resistant
such that the comiort layer protects the encapsulated circuitry
from water moisture.

8. The body-worn electronic circuit assembly of claim 2,
wherein the comiort layer 1s solvent-proof or solvent-resis-
tant such that the comiort layer protects the encapsulated
circuitry from chemical intrusion.
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9. The body-worn electronic circuit assembly of claim 2,
wherein the conductive material comprises a selectively
deposited conductive layer formed from a material selected
from the group consisting of silver, platinum, palladium,
copper, nickel, gold, or aluminum or conductive polymer.

10. The body-worn electronic circuit assembly of claim 2,
wherein the electronic circuitry further comprises a dielectric
material selectively deposited and sandwiched between at
least a portion of the conductive material and the comifort
layer.

11. The body-worm electronic circuit assembly of claim 10,
wherein the dielectric material comprises a vinyl or urethane
resin.

12. The body-worn electronic circuit assembly of claim 2,
wherein the substrate 1s flexible, and wherein the substrate,
clectronic circuitry and comiort layer are substantially free
from memory folds upon flexure of the substrate.

13. The body-worn electronic circuit assembly of claim 2,
further comprising a second selectively deposited comiort
layer deposited over at least a portion of a second side of the
substrate.

14. The body-worn electronic circuit assembly of claim 2,
wherein the electronic circuitry 1s adapted and/or designed
for monitoring nervous system signals, respiratory system
signals, circulatory system signals, for providing electrical
stimulation, electronic display, or any combination thereof.

15. The body-worn electronic circuit assembly of claim 2,
wherein the assembly 1s incorporated into wearable smart
clothes, hospital gowns, blankets, sheets, tents, mattress cov-
ers, towels, bibs, or pillow covers.

16. A flexible printed electronic to be worn on a body of a
wearer, the flexible printed electronic comprising:

a conductive layer which allows for the flow of electricity

therethrough; and

a comiort layer which covers or encapsulates at least a

portion of the conductive layer, the comiort layer being
a cured ink, the comifort layer configured to be posi-
tioned against the body of the wearer.

17. The flexible printed electronic of claim 16, wherein the
cured 1nk 1s a plastisol ink having a puil additive.

18. The flexible printed electronic of claim 16, wherein the
conductive layer 1s a base layer of the flexible printed elec-
tronic.

19. The flexible printed electronic of claim 16, wherein the
conductive layer 1s formed of an electronic k.

20. The flexible printed electronic of claim 16, further
comprising a base layer, the conductive layer covers or encap-
sulates at least a portion of the base layer.

21. The flexible printed electronic of claim 20, wherein the
base layer 1s fabric.

22. The flexible printed electronic of claim 21, wherein the
tabric 1s provided 1n a piece of clothing.

23. The flexible printed electronic of claim 20, wherein the
base layer 1s a substrate.

24. The flexible printed electronic of claim 23, wherein the
flexible printed electronic 1s configured to be coupled to fab-
ric provided 1n a piece of clothing.

25. A tlexible printed electronic to be worn on a body of a
wearer, the flexible printed electronic comprising:

a conductive layer which allows for the flow of electricity

therethrough;

a dielectric layer which covers or encapsulates at least a

portion of the conductive layer; and

a comiort layer which covers or encapsulates at least a

portion of the dielectric layer, the comiort layer being a
cured 1nk, the comifort layer configured to be positioned
against the body of the wearer.
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26. The flexible printed electronic of claim 25, wherein the
cured ink 1s a plastisol 1nk having a puil additive.

277. The flexible printed electronic of claim 235, wherein the
conductive layer 1s a base layer of the flexible printed elec-
tronic.

28. The flexible printed electronic of claim 235, wherein the
conductive layer 1s formed of an electronic 1nk.

29. The flexible printed electromic of claim 25, further
comprising a base layer, the conductive layer covers or encap-
sulates at least a portion of the base layer.

30. The flexible printed electronic of claim 29, wherein the
base layer 1s fabric.

31. The flexible printed electronic of claim 30, wherein the
fabric 1s provided 1n a piece of clothing.

32. The flexible printed electronic of claim 29, wherein the
base layer 1s a substrate.

33. The flexible printed electronic of claim 32, wherein the
flexible printed electronic 1s configured to be coupled to fab-
ric provided 1n a piece of clothing.
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